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GEOLOGY OF RAND HILL AND VICINITY 

CUNTON CO. 

Oeography 

The Mooere topographic sheet covers that part of Clinton 
•county between longitude 73° 30' and 73° 45' and between 
latitude 44° 45' and the Canadian line. It comprises a consider- 
able part of Altona and Mooers, as well as portions of Beekman- 
town, Champlain, Chazy and Dannemora townships. The in- 
■cluded area contains approximately 218 square miles. The larger 
portion of this area constitutes a part of the great plain which 
slopes from the northern foothills of the Adirondacks to the St 
Lawrence river. That part of this plain which lies in Clinton 
county slopes to the northeast, that in Franklin and St Lawrence 
•counties to the northwest, away from a north and south axis of 
elevation along the west edge of Clinton county. 

Along the eastern border of the sheet there is a rapid drop, 
«tep-fashion, from the level of this plain to that of the much 
lower plain of the Champlain valley. As the former elopes con- 
siderably, the latter but slightly, toward the north, the distinc- 
tion between the two plains fades out in the northeastern corner 
ot tho sheet. 

In Dnnnemora and Beekmantown the foothill belt of the 
Adirondacks rises above the level of the plain, a series of ridges 
and valleys in which the hilltops reach all sorts of altitudes and 
the ridges trend in various directions, and w^hich sinks beneath, 
or is ovcrhi])iNd by the rocks of the high plain. 

In a broad view then, the surface is a plain sloping from an 
akitude of 1600 feet in the southwest to only 200 feet in the 
QortheaAt corner of the sheet, or about 70 feet to the mile. Go- 
ing to the eastward from the southern limits of the map, the 
ftrop to the same level is much more abrupt. The main stream 
on the sheet, the Big Chazy river, which rises in Chazy lake 
not far beyond the limits of the sheet, follows in a general way 
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tlie slope of the surface. Though it has a steep gradient, it haa 
Lot occupied its present course sufficiently long to have chan- 
neled its valley very deeply, specially as the rocks of its bed 
are mostly very resistant, and the stream itself above Mooers 
Forks is of no great size. The sharp turn to the east at the 
forks is due to a glacial moraine across its course which crowds 
the North branch into the main stream and nearly doesi the same 
thing to the English river. 

As is the case with all young streams, (that is, streams which 
have not been flowing in their present channels sufficiently long 
to have cut them down to grade, and which are therefore actively 
engaged in deepening them) the courses of the streams on the 
sheet consist of a series of slack water reaches interrupted by 
waterfalls and rapids^ the latter marking the position of beds 
which specially resist erosion, followed down stream by those of 
less resistance, so that the slope at the junction of the two is 
accentuated by the more rapid cutting away of the later beds. 
The slack water reaches above are produced by the cutting away 
of the less resistant rocks above down to the level of the re- 
sistant bed at the brink of the fall. As the various layers of 
sandstone over which the streams flow do not vary excessively 
in resistance, these features are not as pronounced afi they would 
be, were the variation greater and the different beds thicker. In- 
stead of high falls and long reaches, the falls are frequent and 
of no great magnitude. 

The irregularity of surface of the plain iB due in large part to 
stream erosion, but also in considerable part to displacement. 
The drop from the high plain to the Champlain valley plain is 
also along a line of displacement. The surface has been much 
modified by glacial action, and is less diversified and less 
thoroughly drained than before the glacial period. 

The larger part of the area of the sheet was originally densely 
forested with white pine on the sandy flats and with spruce and 
hard wood elsewhere. The pine was long since cut away, and 
the spruce and hard wood in large part lumbered. Some still 
remains which will likely go the way of the rest within the next 
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lew years. Fire has usually followed the ax, and old " burns " 
cover a considerable part of the district, often being almost im- 
pt*netrable. Birch and poplar spring up to take the place of the 

more valuable woods. 

The bare ledges of sand-stone in Altona and elsewhere, known 
locally as " Flat rocks ", are covered with a profusion of blue- 
berry bushes, and the berries are picked in great quantity for 
shipment in the summer. There is comparatively little good agri- 

•cultural land on the sheet, the greater part of the surface being 
sandy, marshy or of bare rock. From West Chazy southward, 
^n the limestones, is the best farming land. Considerable farm- 
ing is also done in the north of Mooers on the heavy moraine 
there. 

Summary of geologic history 

The oldest rocks within the area of the sheet, exposed on Rand 
hill and thence westward, are among the oldest rocks of which 
w^e have knowledge anywhere on the earth's surface. Similar 
rocks are at the surface throughout the Adirondack region, but 
they are so old and so changed from their original condition that 
it is an exceedingly difficult matter to decipher the history which 
they record. They are in part of unquestionable igneous origin^ 
and have reached their present position by coming up from be- 
low in a molten condition and then slowly solidifying. In part 
they are believed* to be old, water-deposited rocks, ancient sheets 
of sand, mud and calcareous mud laid down on the bottom of 
some large body of water, in all probability the sea. These are 
now so greatly changed from their original condition that the 
structures characteristic of rocks so formed have been almost or 
entirely destroyed and replaced by others which are not ddgrtino- 
tive since they may be produced in igneous rocks as well. The 
inference as to their original condition is based for the most 
part on their composition. In third part they comprise rocks 
which have the thoroughly crystalline character and foliated 
structure of the rocks of the second group, but whose composition 
does not suggest that they are of sedimentary origin; they may be 
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either changed sedimentary or igneous rocks, but are regarded 
somewhat doubtfully as being of igneous origin.^ 

None of the old water-deposited rocks occur within the limits 
of the sheet, the oldest rocks found being gneissee of uncertain 
origin, in Dannemora and Beekmantown. After their formation 
and when they were essentially in their present condition the 
mass of igneous rock now constituting the gabbro mass of Rand 
hill was intruded into them from below. At the time of this 
intrusion the rocks now at the surface were at a depth of at least 
5 miles, that is they had at least that thickness of rocks above 
them, and the igneous rock solidified at that depth. At some 
time after solidification all the rocks were subjected to great 
compression, and the massive igneous rock was converted into 
a gueissoid rock. A long period of erosion followed, hence the 
region must have been above sea level at this time. The result 
of this slow 'but long-continued wearing away of the surface 
was to decrease the depth at which the present surface rocks 
lay buried. Another period of deformation followed and the 
rocks were fissured, sheared and probably faulted, the difference 
in the character of the deformation being due to the fact that 
the rocks were less deeply buried and hence under less load than 
during the previous deformation period.^ The main set of 
fissures so produced had an east and west trend and a nearly or 
quite vertical inclination. During or closely following this 
period igneous rock again worked its way up from below, follow- 
ing these east and west fissures. Whether any of this molten 
rock ever reached the surface or not can not now be told, as no 

'Crystalline rocks in which there is a more or less parallel arrangement 
of the constituent minerals, due to which there is a tendency to split or 
cleave in one direction into more or less even slabs or layers, are said' 
to have a foliated stnicture. The splitting is usually due to the presence 
and parallel arrangement of some cleavable mineral such as mica. The 
foliation is better and more even in schists than in gneisses. 

'At a sutticiently great depth below the surface the pressure due to 
the weight of the rocks above Is so great that the formation of cracks 
or cavities is impossible. The necessary depth varies with tlio kind of 
rock, but at 5 or 6 miles all fracturing is impossible, that is the format 
tion of open fractures. H€»nce the character of the effects produced by 
deformation is an indication of the depth at the time of deformation. 
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vestige of that old surface now remains. The old lava-filled 
channels of ascent however are still to be seen, and to such the 
term " dikes ", is applied. There are two sets of these, corres- 
ponding to at least two separate periods of intrusion. The lava 
of the first waa fairly acid and gave rise to the red, syenite dikes 
which are quite numerous on Rand hill, while that of the second 
was very basic and the source of the black, diabase dikes so 
common throughout the region. 

Another long period of erosion followed, the region still con-* 
tinning above sea level, and many hundreds of feet of rock were 
worn away from the surface. Then a slow depression of the 
district commenced and continued sufficiently long to submerge 
probably the entire Adirondack tract beneath the waves of the 
sea. The surface of the sinking land was much more even than 
it is at the present day, though it still had considerable relief. 
The stream valleys were well marked and separate by low, 
rounded hills or ridges. During the long continued erosion 
period the land must have suffered repeated uplifting in order 
to permit the removal of so great a thickness from the surface. 

During the first part of the period of subsidence the sea was 
shallow over the land, and sheets of coarse sand, with much 
gravel, s];)ecially at the base, were laid down. Then, either 
because more rapid subsidence deepened the sea, or else be- 
cause the land was so lowered and submerged that it was in- 
capable of furnishing more detritus, the waters gradually cleared, 
and the various limestones, Calciferous, Chazy and Trenton, were 
laid down in the order named as calcareous imnhi on the still sub- 
siding sea floor. During the earliest part of this period occa- 
sional sheets of sand were swe])t in by currents and alternate 
with the calcareous layers. During the deposition of the Tren- 
ton limestone currents washed in a certain amount of fine mud 
from time to time, from some land area probably to the north- 
east. This increased in amount, in consequence i>robably of 
shallowing and the nearer approach of some land area, and the 
calcareous muds of the Cumberland head rocks and the black 
mnds of the Utica slate were laid down on top of the limestones. 
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Whether the Lorraine shales, which overlie the Utica slate in the 
Mohawk valley, were ever deposited in the Ghamplain valley ia 
a question which cnn not at present be answered. If bo, no trace 
of them has yet been found. 

Be that as it may, the downward movement which had t>een 
in progress so long, ceased after the laying down of the Utica 
III' else of the Ijorraine shales, and was succeeded by a movement 
in the contrary direction which carried the whole district above 
Ki-a level, where it has, for the most part, remained ever since. 

Either this upward movement was accompanied by, and likely 
caused, by deformation; or else defornmtiou ensued not long after 
tlie uplift. The effect was greatest in Vermont, and the resuU 
there was the upliftiug of the Green mountain range the rocks 
there being considerably folded as well as faulted. In New York 
only a slight amount of folding was produced, but extensive fault- 
ing took place.^ Some of these faults are easily detected and, 
moreover, are of considerable magnitude. The Tracy brook fault, 
for example, has a maximum throw of close to 2000 feet. It is 
not meant to imply that there was ever that difference in level 
at the surface on the opposite sides of the fault plane. Such 
movements are in general so slow that the more rapid erosion 
on the rising side of the fault may lower its level very materially 
while the movement is still in progress. There is evidence also 
of repeated movement, along some of the faults at least, down 
to comparatively recent times, if indeed such movement is not 
Btill continuing. 

*A fault Is produced b.v a Bllding movement of tlie rocks on opposUe 
sides of a Assure, witli tlie result 
that tlie same rock stratum la 
k blgber OQ one slJe ilinn ou llie 
other, as lllustrateil In ilic ac- 
companying dlagrnm. The 
stratum AA has been <lro]>ped 
on the right side of the fault 
relatlre to Its position on the left side. The distance ac, measured along 
the fault plane, Is called its displacement, the vertical distance ob, that 
.separates the two ends of the stratum. Is called the throie, and the horl- 
Boiital distance be Is the heave of the fault 
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During or shortly after this deformation period occurred the 
last outbreak of igneous activity in the vicinity, molten rock again 
rising from below through the set of east and west fissures. If 
any of this material ever reached the surface, all trace of it has 
been worn away, and we see at the present time only the dikes, 
as the old fissures are called through which the rock worked its 
way upward and in which it cooled as the activity ceased, filling 
them solidly from side to side. The Adirondack region was not 
a center of the igneous activity of this period but on the border, 
the dikes of this age occurring along the shores of Lake Cham- 
plain but not extending back from it for any considerable dis- 
tance. No dikes of this period have been discovered within the 
limits of the Mooers sheet, though they are found along the lake 
ehore in the territory covered by the Plattsburg sheet, next south- 
east. As in the preceding time of igneous rock formation, there 
were at least two separate periods of activity, the rock of the one 
being a light colored, acid rock, and of the other a black, basic 
rock. There are constant differences between these rocks and the 
preceding diabase and syenite, such that where both occur they 
may be distinguished. The acid rock followed, instead of preced- * 
ing the basic, as in the earlier period. With this outburst igneous 
activity in the region terminated. 

There is a possibility that during late Upper Silurian or early 
Devonian time the region was again depressed below sea level for 
a short time, at least that the Champlain valley was. The valley 
came into being as a topographic feature with the faulting of 
the previous deformation period. There is evidence that the St 
Lawrence valley at Montreal was below sea level at the time 
specified, and it is simply inferred that the Champlain valley may 
have been also affected. If so, every vestige of the deposit laid 
down on that sea floor has since been eroded away. With the ex- 
ception of this possible short time of depression the district was 
a land area throughout the entire vast interval from the close of 
Lower Silurian time to the comparatively recent departure of the 
Pleistocene ice sheet. This interval certainly represents at least , 
three fourths of the entire elapsed time since the beginning of de- 
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position of the Potsdam sandstone, quite likely considerably more. 
Its duration was certainly several, quite likely many million years. 
Few parts of the earth's surface have been continuously above sea 
level for so long an interval. 

During this enormous length of time this surfa<ie has been sub- 
jected to continuous wear. Its history is to be read in the re- 
moval, not in the deposition of rocks. From this standpoint a 
sharp contrast is to be noted between the Champlain valley on 
the one hand and the Adirondack highlands on the other. The 
Trenton limestone and the Utica slate are still found here and 
there in the valley. In such places no great amount of erosion 
can have taken place. Compared with the other rocks of the 
region these are the least resistant of all^ and their presence forces 
the conclusion that the Champlain valley was early outlined as 
a valley and must have remained pretty persistently at a com- 
paratively low altitude. The Paleozoic rocks have suffered more 
or less considerable erosion on the upthrown side of fault blocks, 
but the loss has been very small from the downthrow blocks. 

On the Adirondack highlands, on the other hand, the entire 
cover of Paleozoic rocks has been worn away from the surface, 
except for an occasional insignificant patch on the outskirts. This 
implies the removal of not less than 2000 feet thickness of such 
rocks from the whole surface, and more likely double that amount. 
An unknown amount, probably not excessive, has also been worn 
away from the surface of the underlying rocks. 

It must not be supposed that this necessarily implies that the 
district ever had an altitude much greater than the present. It 
seems to have been an uneasy region with frequent small move- 
ments of uplift. If long periods of quiescence had intervened, 
they would have assuredly left their mark in the shape of well 
defined old base levels of erosion, but such are not to be dis- 
covered. Comparatively recent uplift is, furthermore, indicated 
by the plainly marked character of the north and south axis of 
uplift along the west edge of Clinton county, and thence south- 
ward, as a topographic feature. The faults have served as line© 
along which frequent displacement has taken place. 
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In comparatively recent times, so recent that the deposite 
formed have suffered but little erosion, the region wa« covered by 
the Labrador ice sheet. Shortly before the oncoming of the ice 
it stood at a considerably higher level than the present. The 
retreat of the ice left the surface mantled with glacial deposits, 
laid down to greatest depth in the old valleys, so that the surface 
was more even than before. During the long time that the ice 
«heet co\'^red the region a slow subsidence was going on, with 
the result that the retreat of the ice found the altitude some 600 
feet below the present, a depression of sufficient amount to per- 
mit an arm of the sea to extend up the St Lawrence and Cham- 
plain valleys on the disappearance of the ice barrier. The sands 
and clays deposited there are found at present running up to the 
400 foot line and possibly higher. They contain shells of the mol- 
lusks which lived in the cold waters and which are of the same 
species as living forms, some of w^hich are yet found in the Gulf 
of St Lawrence, while others are confined to colder, arctic waters. 

Besides these marine levels there are standing water levels at 
higher elevations in the valleys opening into the Champlain val- 
ley; and these waters must have been fresh, have preceded the 
«alt water incursion, and have been held up at those levels by an 
ice tongue which lingered in the Champlain valley after the ice 
had completely melted away from the adjoining highlands, be- 
tiause of its original much greater thickness there. 

Since the dejmrture of the ice sheet the region has been slowly 
uplifted to its present hight. The marine shore lines along the 
lake are no longer level but rise slowly toward the north, showing 
that thev have been tilted since thev were formed, and licence that 
the uplift was greatest in that direction. The elapsed time since 
the ice sheet disappeared is so slight that erosion has modified the 
surfa-ce only in slight degree. The deposits formed by the glacier 
and in the bodies of standing water which followed are sub- 
■Btantiallv as thev were left bv them. 

Dannemora formation 

Of the three classes of pre-Oambrian rocks which have been 
mentioned, the distinctly sedimentary rocks appear nowhere 
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within the limits of the she^t, nor are any known within the im- 
mediately surrounding territory. The prevailing rocks over a 
large part of the northern Adirondack foothill region are gneiseeB 
of doubtful, though for the most part probably of igneous origin, 
which are distinctly older than the unmistakably igneous rocks. 
Such rocks are at the surface in the territory comprised in the 
southwestern part of the sheet. The term, Dannemora formation, 
is suggested as a convenient one to apply to thcee widespread 
rocks on the north, in our present state of ignorance concerning 
their age and relationships, as they are well exposed all over the 
mass of Dannemora mountain as well as throughout Dannemora 
township. The problem of their age, and their relationship to the 
undoubted eediraentary rocks, is by far the most important un- 
solved stratigraphic question in the district. Most unfortunately 
there is practically no opportunity afforded for its settlement, 
since in the region where the Dannemora formation prevails the 
other rocks are wellnigh absent, and no contracts where these 
relations might be shown and studied, are exposed. Nearly all 
the exposures of the sedimentary rocks in Clinton and Franklin 
counties are surrounded by the later eruptive rocks instead of the 
Dannemora formation. Whether therefore the Dannemora rocks 
are older, younger, or of the same age as the sedimentary (Gren- 
ville) rocks does not appear, and the evidence must be forthcom- 
ing elsewhei^e, probably from the western Adirondacks.^ 

'Every geologist who has visited the Adirondack region has remarked 
on the great similarity, If it be not Identity, of the pre-Cambrlan rocks 
to the Canadian rocks to the northward. This Is specially true of the 
Igneous rocks and those of sedimentary origin (long ago named the 
Grenvllle series by Logan). There is also there a supposedly older series 
of gneisses known as the Ottawa gneiss. The term, Ottawa gneiss, is 
not used in this report simply because It is not yet determined whether 
the Dannemora gneiss is the representative of the Ottawa gneiss in the 
Adirondacks, or whether It represents rocks which are classed with the 
Grenvllle series in Canada, or whether It represents neither. The term^ 
Grenvllle, is used for the sedimentary series because the similarity be- 
tween these rocks in the two districts has been noted by every observer 
who has gone into the field, and it is exceedingly probable that they 
were deposited In the same basin. Smyth has suggested the name» 
Oswegatchle series, for these rocks in the western Adirondacks, on the 
ground that their similarity with the Canadian rocks does not nece»- 
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The rocks of the Dannemora formation are quite varied and yet 
quite uniform. Nearly every outcrop shows two or more varie- 
ties of gneiss interbanded with one another. The rocks also 
differ much in coarseness or fineness of grain from place to place. 
Yet there are practically only four varieties of gneiss in the dis- 
trict, which however grade into one another through intermediate 
varieties. 

The two most abundant kinds of gneiss in the vicinity are a 
flnely granular red gneiss which has the composition of a granite, 
that is, made up of quartz and microperthitic feldspar with ad- 
ditional small amounts of either hornblende or biotite or (more 
rarely) augite, and magnetite; and a black, more gneissoid rock 
with the essential make-up of a diorite, that is, com]x>sed of horn- 
blende and a feldspar ranging from oligoclase to labradorite in 
composition, with magnetite and either biotite or augite in addi- 
tion. With these are occasional streaks of a gray gneise com- 
posed of biotite, hornblende and an acid plagioclase feldspar, 
quartz being mostly lacking; and gray to red, evenly granular 
rocks of quartz, orthoclase feldspar and abundant pyroxene which 
are often called pyroxene granulites. All these gneisses are cut 
by a later coarse, rejd granite or granitoid gneiss, which occurs 
either in small masses cutting across the foliation of the gneiss, 
or else more intricately cutting it in thin films and sheets which 
are in general parallel to its foliation. 

sarily show equivalence in time. This term has priority for the Adiron- 
dack rocks if a new name is to be used. But no one can now show 
whether the rocks of the two areas are, or are not, equivalent, nor is 
any one likely to be able to do so in the near future. No one has any 
Idea of the thickness of either series, nor even how many beds of lime- 
stone there are. There may be just as pi'eat a difference between the 
eastern and western Adirondack rocks in age as between either and the 
Canadian. There must be a great difference in age between the top and 
bottom of the series. It seems therefore to the writer more logical to 
use a name which brings out a universally observed relationship, rather 
than to inject into an already overburdened literature a new term, based 
on what is .-u jM'est'Ut a wholly ;:ratnit(»us MipiMisitinn. In thrsc old 
rocks in which fossils are lacking, it is impossible to apply the same 
fine discriminations as in the fosslliferous rocks, and it would seem to 
be time enough to apply a new name when non-equivalenee is shown 
to be something more than a mere possibility. 
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This complex of gneiss and granite makes up the mass of 
Dannemora mountain and forms the hills in Dannemora and 
Beekmantown in the southwest corner of the Mooers sheet. 

As has been stated in previous reports, if there is any forma- 
tion in the northern Adirondack region which is the equivalent 
of the Ottawa gneiss of Canada,' or which may be of Archaean 
^^e in the restricted s<Mise in which that term is now employed 
by the United States geological survey, it is this Dannemora 
formation. Unfortunately in the district in Clinton and Franklin 
counties in which it prevails, the Grenville series is practically 
absent, and a rather careful survey of the area has failed to dis- 
close any exposures which throw any light on the question. The 
problem is much complicated by the intimate association of very 
similar gneisses with the undoubted Grenville rocks in the 
western Adirondacks, where, if anywhere, there is a prospect of 
settling this question. 

On Rand hill, specially at its eastern edge, is considerable 
gneifis which is cut through and through by the gabbro, with un- 
mistakable irruptive contacts, showing that the gneiss is the 
older rock.^ The gneiss that appears on the west side of the hill 
is mainly of the black dioritic variety, though there is much of 
the red gneiss also. It seems totally unaffected by the gabbro, 
and there is thought to be a fault between,, though the evidence 
of this is not decisive. On the east the gneiss is best shown along 
the cliff face and along Mead brook. Here it is all cut up by the 
gabbro and differs quite materially in character from thai on the 
west. Nowhere else in the Adirondack region has the writer seen 
such contacts, nor has he met elsewhere a gneiss precisely similar 
to this. 

It is for the most part a well foliated, black and red or black 
and gray gneiss, quite like some intermediate varieties of the or- 
dinary gneiss. But often, specially near the gabbro contact, it 
is hard and flinty and breaks with a conchoidal fracture. In 

^Rand hiU, as here used, applies to the whole area on which the gabbro 
outcrops, the low north end as well as the summit; locally it is usually 
restricted to the latter. 
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composition it is either a quartz-orthoclase-hornblende, or quartz- 
orthoclase-augite rock. 

Under the microscope the same indefinite, granular structure 
is shown which the ordinary gneiss possesses, except that near 
the gabbro there are also corrosion zone (reaction rim) structures 
quite like those in the gabbro itself. Along Mead brook are a 
series of most excellent exposures of rapidly alternating gneiss 
and gabbro, the latter cutting across the foliation of and sending 
dikes into the former. This gneids is essentially made up of 
orthoclase, hornblende and quartz, with accessory zircon, apatite, 
pyrite, magnetite, garnet and biotite. The magnetite is nearly 
always surrounded by hornblende. The hornblende is patchy, 
very irregularly bounded, and full of small biotite shreds which 
fieem secondary; commonly also the magnetite and hornblende 
are separated by a narrow zone of biotite, consisting of closely 
packed, very minute shreds. Considerable garnet has formed in 
places at the contact between hornblende and feldspar, accom- 
panied by small grains of secondary quartz. Precisely similar 
corrosion zones are found in the gabbro near the contact. The 
garnet zones are found all through the gabbro, but the biotite 
zones have not been noted except near the contact, though they 
may occur. The writer is disposed to explain the facts by the 
assumption that the gneisses on the east and the west side of 
the hill are the same, and that the differences noted on the east 
side are due to contact metamorphism, with the production of 
a narrow zone of mixed composition between the two rocks, due 
to incorporation in the gabbro of material from the gneiss. 

The augite gneiss from the same locality is an even more flinty 
rock, and in it garnet has bt^en largely developed at the contacts 
between both magnetite and augite, and feldspar. This would 
imply that the feldspar is plagioelase, though it is largely un- 
twinned. In the ordinary Dannemora gneiss garnet is a rare 
mineral, though abundant in the Grenville gneisses. No similar 
rock has been observed on the west side of the hill, and the 
amount of change produced by the intrusion is a matter of un- 

m 

certainty. 
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Oabbro intrusions 

There are two main varieties of gabbroic rocks exposed in the 
district: the one the coarse grained, bine-black rock, weathering 
white, which forms the main mass of Hand hill ; the other a fine- 
grained, black rock, occurring only in dikes or in small bosses, 
which cuts and i« therefore later than the other — which is, in fact, 
the youngest of the older Adirondack eruptives. It is one of the 
most widespread rocks in the whole Adirondacks, though the 
total bulk is not great. It is usually gneissoid, though often un- 
changed cores remain, and these have an ophitic structure, that 
is the feldspars are in well formed, lath-shaped crystals, giving 
a characteristic appearance to the rock. It belongs to the gab- 
bro variety known as hyperite, and has been frequently described 
in detail, of late, by the different workers in the region, so that 
no extended description is called for here. The gneissoid phase 
is readily distinguished from the older, hornblende gneisses by 
the usual dike-like form, finer grain, poorer foliation and general 
more firm and resistant character. 

The first variety is merely a phase of an igneous rock which 
has a wide extent in Essex and Franklin counties and whose 
nearest outcrops are on Halleck hill north of Keeseville. The 
Rand hill rock is peculiar and unlike any heretofore described 
from the Adirondack region. While the ordinary Adirondack 
rock is related to the gabbros, it is of a special and peculiar type 
to which the name, anorthosite, has been applied. The Band hill 
rock is of an intermediate type which may be distinguished by 
calling it anorthosite-gabbro. 

Anorthosite gahhro 

Anorthosite is a deep-seated igneous rock composed essentially 
of labradorite (or some allied feldspar) with accessory augite, 
hypersthene and titaniferous magnetite (or ilmenite), the total 
amount of all these being but slight. Gabbro is a similar rock 
of augite (or hypersthene) and labradorite in an approximation 
to equal quantity. Anorthosite-gabbro, while predominantly 
feldspathic, has the other minerals in sufficient quantity to make 
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it necessary that they be eoiisidered es«enlial eonsritiieiits of the 
roek rather than mere acci'^soriis. 

The Adirondack anorthosites were orij^inally \vv\ coarse 
grained rocks, the individual crystals of labradorite often attain- 
ing a length of three inches or mrire. The* defornialion which 
they snffered while* d(M*ply buried, more or less bndu^ up these 
large crystals into a mass of granular fraguuMits, with the result 
that the rocks as now exposed consist partly of the unbroken 
portions of the original crystals and partly of the granular ma- 
terial, sometimes the one and sometimes the other ]U'edomlnat- 
ing, though usually the latter. They were also somewhat 
foliated, specially at the borders of the mass, wluM-e there is a 
fr(H|uent i)assage into a wc^ll foliated gneiss in which little or no 
trace of the original structure remains. 

The Kand hill rock is much more thoroughly granulated than 
the usual anorthosite and was, most probably, originally a finer 
grained ro<*k. In the southerly exposures the granulation is jjrac 
tically com]»lete, and no labrad(n*ite aiijfni (a conv(»nient term for 

the iincrushed parts of crystals) remain. It is onlv in the north 

I * - t 

erly exposures that such are found, and even there the bulk of 
the rock is granulated. Many augen however remain, running 
up to an inch in size, I hough seldom exccM'ding that figure. As 
in general the bordiT jmrtions of these intrusions are the most 
crushed, it is not proliabh^ that we art* hen^ dealing with the 
limit of the mass in this direction, it in all likelihood continuing 
to the northward under cover of the Potsdam sandstcme. 

Since the Kand hill rock contains a larger amount of minerals 
other than feldspar, than does the* usual anorthosite, it was more 
definitely foliated by deformation, and much of the rock exposed 
is thoroughly giieissoid. As a whole howt'ver it strcuigly resem- 
bk*s some of the border jdiases of the larg(M' intrusi(»ns. 

The most important difference between this rock and anortho- 
site consists in the constant jiresence in considerabh^ amount of 
quartz; so that strictly it should be calUnl a quartz-anorthosite 
gabbro. The rock is of somewhat unusual type, has not been here- 
tofore described from the region, and is therefore deserving of 
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minute description. Unfortunately it has not been investigated 

chemically. 

Mineral content 

The primary minerals (thoee formed by the original cooling of 
the rock) which have been noted in the Rand hill gabbro are as 
follows, in relative order of abundance: plagioclase feldspar 
(usually labradorite), augite, quartz, hornblende*, hypersthene, 
apatite, ilmenite (or titaniferous magnetite), zircon, pyrile, pyr- 
rhotite and titanite. Secondary minerals are garnet, hurnblt/nde, 
biolite and (juartz. There are a number of other minerals present 
which have resulted from the excessive alteration or decomposi- 
tion of the foregoing, but they are the usual ones and do not need 
farther mention. The order of crystallization was the usual one, 
first the zircon and apatite, followed by the iron ort^, then the 
hyjierethene, augite and hornblende, whose relative order is not 
apparent, next the feldspar and last of all the quartz. The periods, 
of formation of the dark silicates and of the fi»ldspar largely over- 
lap. 

The feldspar is in all respects like that of the anorthositcw. It 
is full of inclusions of unc(Mtaiu nature, mostly of short, stout, 
opaque rods. It is usually a well twinned plagioclas<\ albite 
twinning being well nigh universal, that after the pericline law 
often combined with it, but Carlsbad twinning being very excep- 
tional. Sections cut perpendicularly to the twinning plane show 
maximum extinctions of from 20^ to 24° in all (he slides. This 
makes it reasonably certain that no feldspar more basic than lab- 
radorite is pivsent, though not precluding the possibility of a 
more a<'id one being at hand in slight amount. Five cleavage 
pieces (parallel to the M cleavage) from different aug(»u give ex- 
tinctions of fi^om — 15° to — 17° from the edge of the P cleavage, 
with an average of — 16°^ which i^ precifc^ely the angle of typical 
labradorite, Ab' An\ 

Of the pyroxenes hypersthene is relatively rare, a light green, 
non-pleochroic augite being the usual mineral. This is identical 
with the usual augite of the anorthosites and has been often 
described. 
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While there is unquestionably some primary hornblende in 
this rock, much of this mineral is secondary after augite, and most 
of the rock is not sullicii'ntly fr(»>?h to ixM^iuit a j^ood judpnent 
as to the relative proportions of the two. When the rt^spective 
amounts of hornblende and augite are compared, much variation 
i« found, and some of the rock would be more properly described 
as a diorite, rather than a gabbro. In general the augite pre- 
ponderates, and the do^e relationship betw(»en these rocks and 
the anorthosites is so evident that the general application of the 
term, gabbro, to the whole is perfectly justifiable. 

The ilm(»nit(» (or titanif(»rous magn(»tit<») and lh(» zircon are 
cjuite as in the anorthosite. Occasional crystals of the latter are 
of sufficient size to be visible with a hand lens. 

Pyrite and pyrrhotite are not as abundant as in many parts of 
the aiwrthosite, but both are sparingly present. 

The great abundance of apatite in much of the rock is one of 
its unusual features. In addition to the usual minute, slender 
crystals is much coarser apatite in irregular grains, often con- 
centrated in little streaks which run clear across a slide. It is 
very irregularly distributed, but at a rough estimate then* is 
from '\'/ to r»y in the rock as a whole, and several of tin* slid(»s 
show from 5;^ to Wi. 

As has been stated, this rock underwent deformation while 
deeply buried. The individual crystals were strained, bent, 
broken and more or less com{)letely granulated, with considerable 
recrystallization accompanying the i)rocess. That much of the 
granular fcldsj-ar hii« be(»n rccrystalliz('<l is indicated by the fact 
that murh of it docs not contain the minute inclusions which are 
so characteristic a featiin* of the original feldspar. In part also 
the granular f(»ldspar is untwinned, and such individuals usually 
show irregular, ])atchy intergrowths of two dilTerent feldspars. 
Thifi has not been carefully investigated, but such intergrowths 
are also found in some undoubted labradorites, and Becke's 
method indicates little or no dilTerence in refractive j)OW(T be 
tween the two feldspars. 
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The main diflference in uiiyeralopc make up of the rock result- 
ing from dcforiiiation is tho priKliiction of abinulanl ^rarnrt. This 
is usually a dark red garnet (jn-obably a lime alumina iron garnet) 
which occurs either slh well form(*d crystals or as rims around 
the magnetite (ilmenite). It occurs betw(-en labradorite and mag- 
netite, less often between augite or hornbl(»nde and labradorito, 
and never away from the feldspar. The material of which it ifl 
composed has been derived from the adjacent minerals, particle 
by particle, the garnet forming at their expense. As it is a more 
basic mineral than tlu* labradorite, an excess of silica is left, 
which has crystallized out as quartz, partly inclosed in and partly 
bordering the garnet. What has become* of the soda of the feld- 
<?par ifi an interesting question. It would seem that albitc should 
have formed, but it has not been detected. 

It is not easy to account for the fact that garnet has not been 
produced ])etween magnelite and feldspar in all cases, but Ihere 
are quite numerous instances of magnetite wholly surrounded by 
feldspars, or partly inclosed by them, in which there is no trace 
of garnet formation. Evidentlj' f^ome accessory to the [process 
was present in the one case* and absent in the other. It does not 
seem to hav(^ bcK»n water, since around some such magnetites the 
feldspar is thoroughly granulatt^d and has apparently been 
largely recrystallized^ imj^lying th(? presence of wat(»r. The de- 
velopment may have bei^n confined to the cleavag<» jilam^, and 
unquewtionably is mainly in them. 

In thos<» parts of the rock in which garnet is scarce or lacking 
the magnetit(» is always completely inclosed by pyroxene and 
hornbl(»iKle. To a certain extent such hornblende seems to have 
resulted from interaction of the magnetite and pyroxene. 

H(*tween hornbliMide, or pyroxene, and feldsi)ar garnet is by no 
means e^o fnMpnMit as in tli(» other association. II is in the more 
gneissoid vari(Hies of the rock that it is found so associated most 
abundantly, here bcMng well crystallized and strung out with the 
dark silicates along the cleavage planes. Here umpiestionably 
niucli recryt^tallization has taken place, conse(iuent on the deep- 
seated deformaticui, and the garnet formation is to be ascribed 



RErOUT OF THE DIRECTOR AND STATE GEOLOGIST r57 

to this period. In the case of the corrosion zones around magnet- 
ite there may be some question whether the garnet developed at 
tliis time or earlier. 

Quai'tz occurs in the rock associated with garnet, as already 
noted. But in addition there is much coarser, granular quartz 
along with the granulated feldspar. None could be found which 
could be definit(»ly determined to be primary^ most, if not all, of 
it having recrystallized during deformation. On the other hand, 
it is quite certain that the recrystallization has been nearly in 
situ, and that in the original rock an equally large amount of 
quartz was present. Some few large individuals found with 
large, uncrushed hibradorites would seem in all probability pri- 
mary. A rough estiumte of the amount present in the rock 
would give a range from none to 1^^ with an average of at least 
10;3r. 

A farther indication of the considerable amount of recrystalli- 
zation which the rock has experienc<»d, is furnished by the occa- 
sional presence of (piartz inclusions in feldspar and even in horn- 
blende and augite, quite after the fashion of the inclusions in 
many of the gneisses. 

(labbroic rocks containing quartz have been described from 
s<n'<'ral localities in many ]»arts of the world; luMice this occur- 
r«»nce is by no means uni<|ue. Yet it is exceptional and import- 
ant. Notwithstanding the amount of quartz, it is by no means 
certain that the rock is more acid than the ordinary anorthosite. 
If from 3^ to 5;^ of alumina was replaced by iron in the ordinary 
anorthosite magma^ an excess of silica which would crystallize 
out as cpiartz would result. That this anorthosite-gabbro was 
derived from the same parent moltc^n mass as produced the anor- 
thosite, is beyond question. 

The writer has previously called attention to the great similar- 
ity betwcH^^n the eruj^tive rocks of the Adirondarks and those of 
the Ekersund-Soggendal district in Norway, rec(*ntly exhaustively 
described by Kolderup.^ This writer describes a (juarlz norile as 

* Kohlerui), C. F. Hcr^rt'iis nms<Miins Aarhojx. 1S1)<>. ])le labra«!orfelse 
des westllchen Norwegons. 
Gushing, U. P. Bui. geol. soc. Amer. 10:190. 
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-occurring in considerable amount there; and the Kand hill rock 

furnishes etill another illustration of the close parallelism of the 

two series. 
An analysis of the anorthosite gahbro from Game's quarry 

has been made by Prof. E. W. Moili*y to whom the writer wishes 
to express \m great indebtedness. This analysis follows to- 
gether with one of an Adirondack anorthosite and one of an Ad- 
irondack gabble for coanparison. 

1 » » 4 

S, O2 47.42 51.62 54.62 .^eyi)?> 

AI2O2 17. :U 24.25 26.5 .2;;97 

FeaOs 4.91 1.65 .76 .0103 

FeO 10.22 5.:5 .56 .07:10 

MgO 5.21 1.21 .74 .0a02 

CaO ^^.09 1>.97 9.ss .178 

Na2 O '> 4S -5.49 4.5 .0563 

K2O I'^O 1.27 1.23 .0135 

H2O ...* 1.13 .72 .91 

Ti02 ^.6 undet. 

P2O5 06 



a 



01 21 

MnO 06 .1 

BaO .04 uiulet. 

Total 100.06 99.7s 99.70 

0=C1 05 Sp.gr. 2.S 

100.01 

1 Analysis by K. W. Morley of the least metamorphosed hy- 
perite gab'bro that I have met in the Adirondaeks, Hopkinton, 
St liawrence co. 

2 Quartz-anorthosite-galnbro, Carne's (piarry, Kaud hill, Altona 
township; analysis by K. W. Morley. 

3 Anorthosit(N analysis by A. li. Leeds, i:Uh annual report 
New York ^tate museum, 1S76. 

4 Molecular ratios of analysis 2. 

From the molecular ratios a roii<;h ealeulalion of the mineral 
composition of the anorthosite gabbro is readily made, the al- 
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kalies and a part of the lime being assumed to go into the feld- 
spar, the residue of alumina and lime along with the iron and 
magnesia forming garnet, augite and hornblende. The result is 
as follows. 

To To 



Magnetite 2.4 

Garnet 11.75 

Angite 11.0 

Anorthite 32.0 



Albite 29.7 

Orthoclase 7.5 

Quartz 5.0 



Thifl calculation agrees well with the evidence of the thin sec- 
tion as to the comiK)sition of the rock except that the latter 
would indicate a somewhat larger percentage of free quartz. 
But even 5;^ of quartz in a rock of this basicity is noteworthy, 
and some of the rock of the hill is considerably richer in quartz 
thfin that analyzed. 

A comparison of the three analyses brings out clearly the close 
relationship of the i*ock to ordinary anorthosite on the one hand, 
and its intennediate position between tliJ^t and gabbro on the 
other. But as in all gabbroic rocks there is much variation from 
place to i)lace and unquestionably samples from different por- 
tions of the hill expojiiures would be found to vary widely. It is 
not thought that any is more ba<>4ic than that analyzed, but likely 
much is scmiewhat moi^e acid. While much of the Band hill 
rock is very rich in apatite it is barely present in the rock an- 
alyzed. 

Augite-syenite 

On the east edge of Band hill, near the toj) of the clilT, is a 
small area of a greenish gray, fine grained^ rather gneissoid rock 
in which recently a (|uarry has been opened. This is classed 
with rocks quite widespread in the Adirondack it^gion and re- 
cently described, though a small degree of doubt remains as to 
the (y>mx!tiu^s of tlu* refer(»nc<*.^ This rock is thoroughly granu- 
lated and gneissoid, with much recrystallization, }{}{, exceju for 
its finer grain, it has precisely the sanu^ a]>pearance and mineral 
content as the ordinary angite syenite as it appears at Loon lake 

'Cushing, II. P. Bui. j^ool. soc Amor. 10:177-l>3. 
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or Tupper lake. Its mim^rals are liornblendo, augite, bronziio, 
feldspars and quartz, with accessory magnetite, apatite and zir- 
con^ and garnet also in the outer parts of the mass. The feld- 
spar is mostly anorthoclase, some showing plainly irregular inter- 
growths of two feldspars, probably orthoclase and all)i(e. (Jnile 
a little oligoclase is prc^sont in addition. (Quartz constitutes some 
15;^ of the rock. 

The outcrops of this rock are not extene^ive, and it clearly is a 
mass of no great size, extending only a few rods in any dirctlion. 
On the east, down the hill, the rock appears to be grading into 
the ordinary gneiss, but no further exposures ai»iM'ar in that 
direction. In all other directions anorthosite-gabbro or <'lse 
gneies is reached at no gr(»at' distance, but there an* absolni'*ly no 
contacts showing anywhere, so that the field relations of this ap- 
parent syenite are left in entire uncertainty. So far as the age 
of the augite-syenite is known, it is younger than the anortho.'^ite, 
but that need not necessarily imjily that it is younger than this 
anorthosite-gabbro. This occurrence may be a dike, though that 
is unlikely, as its extensi<m could not anywhere hv. found; it may 
be a small intrusive mass, though it is exceptionally small for a 
mass of such origin. In the utter absence of field evidence the 
reference is made ^imjdy on the character of the rock. 

Later igneous rocks 

The much later age of these rocks i« inferred from 
the fact that they are wholly unmetamorphosed, though 
they have suffered d(»fonnation. It is thought that this 
deformation would have caused metamor]diisu), had the rocks 
been buried deeply enough. Th(» inclosing rocks are older 
and were metamor]»lu)sed before tlirsi'^ lat<*r rocks found their way 
through them. When metamorpliosrd, they \ven» deeply buried 
in the zone of How, and are now exposed at the siirfac' because 
all the overlving rock has been ertnled awav. r>ut the later rocks 
exposed at the surface* have never been in that zone. Much less 
rock had to be worn away to bring tlu* ])resent exposure's to the 
surface, and hence a long ero«sion period betw<H*n the time of 
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format ion of tlie inclosing rocks and of these later ones is argued. 
It is thonglit that the amount of material removed during th|s 
time will not fall short of the entire amount which has since been 
removed, but, even if this be an overestimate, the intervening 
period must have been long. 

As has been already stated, these rocks are found at the 
present time only in dikes. We see the channels through which 
the material ascended, but can not tell whether any reached the 
land surface of that time, nor do we anywhere get a glimpse of 
the reservoir*^ which supplied th(» material, since erosion has not 
yet cut deeply enough to disclose them. The comparatively small 
area now occupicnl by the.*?e dikes thus gives little idea of the 
l>ossible importance of this (»ruptive period. It seems however 
improbable that great surface Hows should have taken place, else 
we should surely find remnants of them in protected places. It 
seems more likely that the forces of eruj)tion were spent in form- 
ing intrusive masses from which the dikes radiated upward, 
dying out above. The dikes plainly owe their existence to the 
same causes which were responsible for the earlier, great intru- 
sions, and mark the last paroxysm of igneous activity from that 
source. 

Th(* two distinct dike rocks of this iMM-iod have been already 
noted. On Hand hill the two are more nearly of (*qual import- 
ance and abundance than in any oth(»r spot in the entire Adiron- 
dack region, and dikes of both sorts are verv numerous. 1\) of 
the red, svenite dikes have been found on the hill, of which seven 
wer(» noted in a previous ri^port.^ The black, diabas(» dikes are 
even more numerous, bul impossible to enunuMate, since they an* 
fr<Miuenlly found combined into a great dike i)lexus of many 
branches. The display of dik<*s is the most impressive known in 
the Adirondacks. It must eitluM* signify an intrusive mass not 
far beneath or elsc^ mark tin* spot whence much matiTial was 
[>oured out on the old surface above. 



•mtli an. rop't of tho N. Y. state ;:ool. ISJC). p. r>«2-G0. When this 
report was writkTi these dikes had not Ihm^ii difTerentiated from the 
similar, post-rti<a ililces alon^ I^ake Champhiin, and they are therefore 
8i>oken of as bostouites. 
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The wider distribution of these dikes is of interest. The 
syenite dikes do not range far to the west and south of Band 
hill, and so far as present knowledge goes must be counted bj 
tens in the Adirondack region as a whole. But the diabase dikes 
range farther to the west and far to the south, and there are 
hundreds of them. It is also of interest, taking a still wider 
view, to note that igneous activity w^as widespread over the land 
areas and shallow sea bottoms to the east and west of the Adiron- 
dacks during these very ancient times, and that the Adirondack 
eruptives are very like those which characterized Keweenawan 
lime in the upper lake region, and probably approach them qb 
nearly in age as they do in character. 

These dikes vary in width from an inch or two to forty or fifty 
feet. Their contacts with the inclosing rocks are exceedingly 
sharp. Joints, due in large part to shrinkage on cooling, are 
much more numerous than in most of the adjacent rocks, so that 
the dike rocks weather out into a multitude of sharply angular, 
small blocks. 

The syenite dikes are usually of some shade of red, ranging to- 
ward and passing into a brownish black in some instances. They 
mostly show rather large, porphyritic feldspars and sometimes 
black mica as well. The narrow dikes and the margins of the 
larger ones consist of very fine grained, flinty rock. Their gen- 
eral composition is of magnetite or specular hematite, hornblende, 
biotite, microperthitic feldspar and quartz, but they vary greatly 
in acidity and hence in the relative proportions in which these 
minerals are present. Some of these dikes have been d(?scribed 
in considerable detail elsewhere, and tho^e more recently dis- 
covered add little that is new.^ 

The diabases arc? without (^xcei)tion black in cohir, wc^athering 
to yellowish brown along the* joint i»lanes, so that the small 
weathered blocks show simply tliis color. They vary in grain 
with size, but all are very line grained. Nearly all show porphy- 
ritic r«*l(ls|>:n's whirli in a lew dikrs ar<* uolably lar^^c .nid may 
reach a length of an inch, but which are usually minut(^ These 

'CiishinK. ir. P. Bui. geol. soc. Amer. 9:289-56. 
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(likes have bi^en desctribod in contiidoT able detail by Kein]).' 
They vary greatly in structure and mineral content. Practically 
all are iK)rph^Titic, but in the center of the larger dikes the 
porphyritic structure disjip|)ears, and the rock becomes a true dia- 
base; otherwise it is more properly a diabase-imrphyry. Olivine 
is almost always present. 

These rocks have almost identically the composition of the 
hy|>erite-gabbros, yet no garnet, so abundant in the gabbro, has 

developed. On the other hand, biotite rims around magnetite, 
specially at magnetite-feldspar contacts, are a conspicuous fea- 
ture in the diabase, and occur also in the gabbro. The writer has 
found no biotite in his freshest diabase dikes, and in those in 
which it occurs it seisms alwavs to be surround(»d bv more or less 

• a. 
t 

altered parts of what may be otherwise quite fresh rocks. ITence 
a disposition to regard it as secondary instead of pnmary and 
also to regard it as produced in a more superficial zone than that 
in which the garnet develops. 

The only rocks with which these diaibasos are likely to be con- 
fus<?d by anyone are some of th(» narrower dikes of hyperite-gab- 
bro. From any of these they may be eftsily distinguished by their 
finer grain, great(*r variation in grain from center to margin, 
more flinty character and more excessive jointing. 

In only one case has it been possible to make a relative age 
detennination between these two «ets of dikes. At the summit 
of Rand hill, one fourth of a mile east of the house of L. San- 
ger and on the east side of a knoll of gabbro, a 15 inch dike of 
the sy<Miit(*-por])hyry, blearing u i\T)^ <% is cut by a dike of dia- 
base of the same width hearing east and west. In this case the 
diabase is indisputably the younger. While this does not make 
it fiafe to say that all diabase is younger* than all tlie syenite, it 
at least points in that direction. 

Paleozoic rocks 

Potsdam sandstone. Rocks classf^d as of Potsdam age are at 
the surface ov(t the larger part of the Mooers slieet. The rock 

Uvemi). .T. l\ liiil. 107 U. S. k*'o1. sur. p. L>4-29. 
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as a wliole is of very iinifioriii character, mostly a coaree grit, 
white or buff in color, lying in quite massive beds which in 
places weather into flags. Mucli of the rock is cross-bedded, and 
the suifac(»s of many layers are ripph^-niarked. Mori* or less 
pebbly layers j^revail throughout, though most notably at the 
ba^^e. 

The bulk of the formation consists of pretty [uin* ipiartz sand. 
There is considerable variation in thoroughness of induration 
among the dilTerent Iay<'rs, but the great mass of the rock is not 
very porous, the interspaces betwc^ui the <iuartz grains being very 
thoroughly liUed with secondary silica. Hence but few of the 
layei'K are water-bearing. 

The thickness of the fornmtion is unknown. The beds are 
nearly horizontal, the prevailing di]) beting to the north and 
seldom reaching 5*^, while in the majority of cases it is so slight 
as to [)revent accurate mea-surement. Dips changing from 
northeast to northwest indicate* the pres<Miee of c^xtremely gentle 
folds. The homogeneous character of the rock makes it im- 
possible to follow individual beds for any distance and also i)re- 
vents the detection of the faults which are assuredly present. 
The thickness is un<iue^tionably great, but its detennination 
must aw-ait the (evidence of the drill, and the recent boring at 
Morrisonville, the only deep w-ell ever put down in Clinton county, 
has ])assed only part way through the formation. The record 
w^ill appear on a later page, ])ut a thickness of S(M) feet of Pots- 
dam has been passed through with no indication of approach to 
the base of the formation, so that the enlirr* thickness may be 
double that amount. 

Tin* ba^al beds of the formation ilitTtr in character from the 
main mass, much of the rock l>ecoming coarst* and jfebbly and 
some very coarse conglomerates orcuning. lied is the pn^vail- 
ing color for the liner grained basal beds, the more sti'ongly 
colored owing it to secondary deiM>sition of iron oxid (hematite). 
The basal beds are by no means as purely quart zose as the main 
ma^s of the formation, feldsiKir (mostly red orthoclase) being 
present in large (juantity and in j^laces much magnet it(» in addi- 
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tion. This part of the rock is more properlv an arkose than a 
sandstone. As tlH^se roeks were fornKKl from the rnins of the 
pre-i.'ambrian rocks, their com[K)sition indicates much only 
partially decomposed material on the old land surface, and 
some of the very coarse conglomerates exhibit very, coarse ma- 
terial of this kind, only slightly water-worn, as if protected in 
an t^ld hollow of the surface. 

There is much conglomerate in the basal Potsdam of the 
Mooers sheet but by no means so coars(% or so extensive, as in 
many other [ilaces. But the ba«al red beds are more widely 
ex[M)sed than in any other part of the Adirondack region. On 
the north and west of R;ind hill there is much thin-bedded, deep 
red rock which disintegrates easily, and is interbedded with 
hard(»r and firmer bands of massive red sandstone. These rocks 
give rise to a deep red soil by their rapid breaking down. The 
hardier beds furnish an excellent building stone, not so flinty and 
of a deeper red color than the well known stone from Potsdam. 
These beds seem to mark the extrt»me base of the formation in 
this vicinitv. Thev are so extensive and go dilferent fi-om the 
usual coarse base of tin* Potsdam that there has been some ques- 
tion in the writer's mind as to whether they properly belong with 
it, but, asi(k» from their sonu^what different lithologic character, 
no evid(Mic(* for or against this view hat^ been forthcoming. 

On the W(»st side* of Kand hill, surrounded by pre* Cambrian 
rocks on thr(M» sid(»s and with their (»xtent to the southwest 
hidden by th(» heavy moraine covc^ring in that din'ction, are two 
outliers of th(»S(» red beds, which gave* Ww writ<'r the idea, in his 
t'arli(»r and more* hurried survey, that tlu» Kand hill pre-Cambrian 
rocks wen* nc^arlv or <iuit<' surrounded bv i\u* Potsdam. Put 

• 

dilig<*nt S(*arch in the woods of westcMii P(M»kmantown resulted 
in the discovery of thn'c* small exposures of gneiss, sufliciently 
s(»parat(Ml to show clearly the absence of the I'otsdam. These 
outliers are at the same <0(»vatlon as the corresjjonding hodn 
farther north, no sign of faulting was discovenMl, and (hey are 
believed to occupy old d(»pressions in the i)re Cambrian surface*, 
as Kemp believes similar outliers in Kssex county^ to do. 



iT.r 
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In the southoasleriJ corner of Ibe sheet, on the unnamed hill in 
extreme norlheat>t Danuemora, the l^otsdam sandstone is found 
at the {greatest a.tilude .yet noted for that formation in the 
Adirondack region. This hill was erroneously mapped as gneiss 
in the report on Clinton county in the 15ih annual report of the 
New York state (jeologist. As it is diilicult of access, and time 
could not be taken to visit it, the topography, the altitude, and 
the statements of guides were taken as the basis of the mapping. 
J>ut it seems unsafe to infer anything in Adirondack geology. 
The ground must be gone over foot by foot. 

The hill breaks oil' in a clilf on the west side which looks like a 
fiiiilt scarp. On the north and east at IGOO feet is a broad shelf 
of bare, ncarlv horizontal sandstone, which is covered with blue- 
berries and. re})roduces, on a small scale, the conditions on the 
Fhit rocks in Altona. Kock wa.^ found exposed on the hill up 
lo 1700 feet. The top is covered with morainic material but how 
dcci>Iy is uncertain; the Potsdam certainly runs up to something 
over 1700 feet however. A section of at least 200 feet in thick- 
ness is <onii)rised in the hillside. The occurrence of the rock 
at this elevation is strongly suggestive of its fonner much 
greater (^xtent in the region. 

Passage beds. Between the Potsdam and the overlying lime- 
stones is a zone, some 50 feet in thickness, of rapidly alternating 
layers of pure white sandstone with all the lithologic charactei^ 
of the Potsdam, and gray, sandy, dolomitic limestone precisely 
lik(» the Calciferous above. These beds have been usually classed 
with the Potsdam. The only exposures of these beds within the 
limits of the shcH^t are in i\w northern part of Meoers township. 
The geologic maj) of Canada shows Calciferous coming down to 
the boundary at this point, but on the New York side of the line 
there is no Calciferous exposed unless these passage beds are to 
be counted such. 

Calciferous (Beekmantown) limestone.^ Though rocks of this 



'Clark & Schucliort. Science. 10:874-78. The torni, Bockmantowu, Is 
nuK-h more suitable than the old name and should supersede it. The type 
localities are just outside the limits of the sheet. 
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aj^e are the surface rocks over a considerable tract, they are elTect- 
wely conceah'd by heavy drift except at West Chazy, where a 
thickness of 10 feet of massive, blue-[^ray dolomite i« exposed in 
the river and a higher layer at the surface in the town. South of 
West Chazy and. east of Riiud hill there is not a single exi>osure 
of rock within the limits of the map, though plentiful outcrops 

• 

occur in Heokmantown, just beyond those limits. Some uncer- 
tainty therefore prevails as to just wliat is underneath. It is 
the writer's opinion that the Calciferous (*x(end<i all the way to 
I he edge of the Kand hill, being there faulted down against the 
pre-( 'ambrian. This opinion is based on the fact that to the south, 
in Plattsburg, the Calciferous runs as far west as what is taken 
to be the piM)longation of this fault line. r>ut it is by no means 
impossible that another fault is concealed in this interval, 
in which rasr INilsdain wouhl lir bctwoi n ihe CahifcrrMis and tlu» 
pre-Cambrian. On account of this uncertainty the concealed in- 
terval is colored as Tleietocene on the map, such coloration being 
used only where the Pleistocene deposits are sullicieutly exten- 
sive to rend<T the area! ma]>ping of the older rocks at all doubt- 
ful. 

The Calciferous formation is a (piite thick one in the Champlain 
valley, Hrainard and Se(»ley having shown a thickness of 1S(M) f(H»t 
in west(*rn V<»rmont. No complete* section has been found in 
New York, but the dillVrent parts of the formation show much 
the sami' thicknests as in \'erm()nt, and tin* total thickness can not 
fall greatly short of tlu' amount found there. The meager ex- 
posures at W(*st Chazy do not suffice for the determination of the 
[u-ecise horizon in the formation. They lie cloi<e to a fault line, 
dip r>' to th(^ east instead of in the usual northerly dirtM'tion and 
may represent a small dislocated block pniduced by the faulting. 

Chazy limestone. Only the extreme l(»wer beds of this forma- 
tion are shown within the maj) limits, occupying a narrow zone 
lietween two great faults, betwc^en which the Chazy is thrown 
down. The dip is away from th<* westerly and toward the east- 
erly fault. The extn^me base is not shown, but the lowest layer 
appearing is a light colored, calcareous sandstone which S€H*ms 
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\'{'vy similar (o lli(> saiulstone (J4»scribi(l by ISniiuai'd and Seelej 
as forming;: the base* of llic Cliaz.v on Valcour island, and else- 
\vlii»re aloii^ the lake.^ Tin? rock is jwculiar and precisely like 
layers wiiiili are found in the i*ots(]4Un-Calcifei*ous passage beds. 
(Jlilterin^ cleavaj^c* faees of ealeite, mottled with cpiartz grains, 
apjjear on hnjken surface**?. The quarlz grains are set in a mosaic 
of minute dolomite er^ystals, while here and there later calcite 
has been dei)osited as a network around the (piartz grains in 
crystals up to an inch in length, replacing the dolomite in those 
portions. 

Aboye this layer appears some 20 feet of blue, crystalline lime- 
stone, following which an* beds of gray limestone, sjjotted with 
yellow and full of fo^^sils, to a thickness of J50 feet. The most 
extensiye exposures are along the low ridges east of the big bend 
in Tracy brook. Thes(» upper beds are the same as those which 
form tlu' bas(» of IJrainard. and Sechw's section near Chazy vil- 
lage, but the basal 2t) feet is below anything there seen.^ 

Tlii« lowOr riiazy limest(Mi(» is, with the exception of the 
Pleistocene <leiM)sits, the youngest rock now fcnind in the Mooers 
sheet area. There can be no question howeyer that the remainder 
nf ilie Clia/y (Tr.o feet thick), the T.lack riyer and 'lYenton lime- 
slones and the Ttica slate {of undetermined thickness but at least 
1000 feelj wei-e originally deposited oyrr tin* entire area. Then 
followed emergence and the long continued existence as a land 
region. 

The Morrisonville well. Within the past two years drilling for 
oil has been in |»rogress at Morrisonyille, in IMattsburg township. 
The localily is 1 mih*s south of the map limits and nearly 3 miles 
west of ils eastern ed«;e. As soon as it was learned that drilling 
was in ju-ngress, a riMpicst was sent that a record an<l samples be 
kepi. An unfortunate tire, howeyer. destroyed tin* engine house 
in which the record was jjlaced. A few sam]des had been kept 
elsewhere, and what follows is based on these* together with the 
coiiuiding slalements of tin* owners and the driller, these giying 
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only rough determinations, which however affect the value of the 
record less than would be the case were the rocks in the well less 
homogenous. 

The drill at present rests at 1350 feet, and no work has been 
-done for some months, though it may again be resumed. Some 
20 feet of glacial deposit was passed through, and dolomite of 
Calciferous age was struck just below the river level, near which 
the well is located. Some 500 feet of Calciferous are shown in 
the well, and between 500 and 600 feet, the alternating layers of 
dolomite and sandstone marking the passage beds to the Pots- 
dam, were met. The thickness of these could not be learned. 
The remainder of the well is in the Potsdam, mostly of hard, 
ijuartzose, white sandstone except for a considerable thickness of 
red beds, encountered between SOO and 900 feet. At the time of 
the writer's visit the w^ell, at 1250 feet, was in resistant, white 
Potsdam, little other than quartz showing in the sample. F. E. 
Pierce of Morrisonville, one of the owners, writes me that the last 
100 feet has been in precisely similar rock. This means that 
from 750 to 800 feet of Potsdam has been passed through in the 
well with no sign, as yet, of the arkose beds which always come 
in as the base of the formation is approached. The record is as 
follows: 

FBET 

Pleistocene 20 

Calciferous 500 ±2 

Passage beds 50(?) 

Potsdam 775 ±2 

In all this great thickness of Potsdam sandstone only one strar 
tum was markedly water-bearing. A trifling amount of oil was 
also found in one of the beds. 

Structural features 

Foliation. This structure is confined to the pre-Cambrian rocks 
and was produced in them by deformation at a time when the 
present surface rocks were so deeply buried as to be beneath the 
level at which open fractures can exist. It is most prominent in 
the gneisses of the Dannemora formation, less well marked and 
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locally lacking in the gabbroic intrusions, and wholly absent in* 
the later dikes. 

The direction of strike of the foliation planes is quite uniform 
throughout the area of the sheet and beyond, being in general to 
the northeast. The more common direction is n 35° e, though 
the readings range between the extremes of n 10° e and n 50° e; 
variations of more than 10° fiH)m the usual direction are, however, 
uncommon. The prevailing direction of dip is to the northwest, 
this being uniformly true at the east and the west, while in the 
center of the sheet these are replaced by southeast dips. In gen- 
eral the dip is not high, seldom exceeding 45°, and usually flatter 
than that, often only 10° to 15°. The few good exposures show 
that the dip sometimes becomes momentarily high, quickly flat- 
tening again to the usual amount. The direction and dip of the 
foliation are common to gneiss and gabbro alike and must have 
a common origin. The foliation has a general parallelism to the 
longer axis of the intrusive mass of gabbro, yet continues un- 
changed so far to the south of that, with no apparent tendency 
to curve around its southern end, as to cause hesitancy in assum- 
ing that the compressive effect of the intrusion has been mainly 
instrumental in the production of the foliation. Farther, though 
observations on the foliation of the later hyperite-gabbro are 
somewhat unsatisfactory, they point to its parallelism with that 
in the other rocks and indicate that, in so far at least, the cause 
of the foliation is in no way to be ascribed to the larger intrusion. 
It is of course a possibility that the Rand hill gabbro is merely 
the bared, upper part of a great intrusive mass, much more 
widely extended beneath than the surface exposures give any 
indication of. The character of the rock, so like peripheral por- 
tions of the great anorthosite masses to ihe south, may be as well 
explained by this supposition us by th(» idea that it is a small, 
outlying intrusion, its character due to differentiation prior to its 
movement to its present position. The gently folded character of 
the foliation plan(»s may give weight to the idea of a widely ex- 
tended igm^ous mass not far beneath. In general it may be said, 
therefore, that the evidence is far from decisive as to the gabbro 
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intrusioii being the cause of the foliation, nor does the latter 
show parallelism to the edge of the main intrusive masses of the 
Adirondacks. It can be equally well, perhaps better, explained 
as due to a force acting from the southeast, or from the north- 
west, presumably the former, and acting at several different 
times. On the latter assumption the decreasing perfection of the 
foliation in the successively younger rocks would be explained. 

Nothing that could be definitely recognized as bedding has been 
observed in the Dannemora gneiss. Granite injections parallel 
to the foliation planes often give a bedding effect, as do also cer- 
tain bands of hornblende gneiss, which cut across the foliation 
and are held to represent ancient, diabase dikes. With these ex- 
ceptions the different varieties of gneiss fade into one another 
instead of being sharply marked off. 

Faults. The region of which the Mooers sheet is a part is an 
excessively faulted one, not only great breaks but many minor 
ones occurring. Their detection is a matter of great difficulty 
over much of the territory, owing to widespread drift covering 
and specially to the uniformity in lithologic character of the 
pre-Cambrian rocks and of the Potsdam sandstone. 

The greatest break known in the vicinity is that which has 
been called the Tracy brook fault.^ This is easily traced, run- 
ning in a northeasterly direction, across the whole of Chazy town- 
ship with the Potsdam sandstone on one side and the various 
members of the Chazy limestone on the other, the entire Cal- 
ciferous being faulted out. Its course is easily traced from the 
point where it enters the sheet, north of West Chazy, to the point 
where the brook leaves th6 fault line. Bevond, its course is con- 
jectural. If produced, it would touch the northeast extremity of 
Rand hill, along whose eastern €»dge there is unquestionably a 
fault of great magnitude, the cliff being a fault scarp whose 
present relief is due to the more resistant charact<T of the rock 
on the west, possibly aided by recent movement. The way in 
which the Potsdam contact on the north climbs the hill, rising 
from 800 feet to 1400 fe(»t within a distance of 3 miles, is strongly 

>15th an. rep't N. Y. state geologist. 1805. p. 570. 
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suggestive of recent faulting and tilting, since there is no topo- 
graphic break between the two rocks, yet one is far less resistant 
than the other. 

The only difficulty in the way of considering this the prolonga- 
tion of the Tracy brook fault is the sharp change in direction 
from southwest to south at the point of Rand hill. It is quite 
possible that this point marks the junction of the Tracy brook 
fault with a north and south fault, of whose existence the topo- 
graphy on that line north of Rand hill gives some evidence. At 
the best, however, this is not a fault of great thi'ow, while that 
on the east edge of Rand hill is directly comparable in magnitude 
to the Tracy brook. As it can be traced to the south beyond 
the limits of the sheet and clearly connects with the Tracy brook 
fault, it gives great length and importance to this. If the writer 
be correct in the belief that the Calciferous comes clear to the 
edge of Rand hill, the entire Potsdam being faulted out, then the 
throw of the fault there is as great, or greater than at Chazy vil- 
lage, where it is about 2000 feet. 

Another considerable fault occurs between the Calciferous at 
West Chazy and the Chazy limestone to the northward, the latter 
dipping directly toward the fault. The throw of this fault can 
not be determined owing to the uncertainty as to the precise 
horizon in the Calciferous of the West Chazy exposures. 

Other faults or probable faults are (a) one in the extreme north 
that limits the passage beds on the west, which have a low north- 
westerly dip, yet suddenly disappear and are replaced by Potsdam 
to the westward; (b) a fault of unknown throw in the Potsdam at 
Jericho, with the red, basal beds on the east side and a coarse, 
glassy sandstone on the west, the one horizontal and the other 
with a 6° dip to the west; and (c) a more doubtful fault across 
Rand hill, separating the Potsdam and Dannemora gneiss on the 

* 

west from the gabbro on the east. 

In addition to these greater faultfi there are a multitude of 
minor breaks in the pre-Cambrian rocks at least, best shown by 
the aid of the later dikes. These are frequently found faulted a 
few inches or feet, little enough to make the identity of the 
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dike unmistakable, and frequently enough to emphasize the great 
number of these small slips that must exist. The slickensided 
character of many of the joint planes is evidence of slipping along 
them. 

The faults run in all kinds of directions. The greatest breaks 
have a general north and south trend, though they may depart 
from this as much as 45^. Instead of being persistent in direc- 
tion, they curve largely. The downthrow is always on the east 
side, with the result that progressively younger rocks appear as 
I^ke Champlain is approached. The general rude parallelism of 
these faults cuts up the region into a series of long slices. These 
are cross-faulted, sometimes repeatedly as in the case of the block 
on the east of the Tracy brook fault, but usually much less fre- 
quently. The cross faults have a general east and west trend, 
but depart widely from that, and may or may not be normal to- 
the main faults. No case has been met with where one crosses a 
main fault. They are necessarily of less magnitude though often 
with throws of many hundred feet. 

The majority of the faults of the region are certainly normal 
(gravity) faults, and this is likely the case with all. The rockfl 
lie in exceedingly gentle folds, and thrust faults, if present, must 
hade to the west, as all the great faults downthrow to the east. 
Across the lake the rocks are more sharply folded, and there 
thrust faults occur, but with a hade to the east. 

Toints. All the rocks of the region are cut by joints and gener- 
ally by several sets. Unfortunately observations on them do not 
Bufifice definitely to determine their character; observations on 
the strike are plentiful, but the dips can seldom be made out. 

The most common direction of joints is a nearly north and south 
one varying between n 20° w and n. In nearly every case in 
which these are observed joints at right angles can also be made 
out, from n 70° e to e. In the majority of exposures these seem 
to represent the master joints. But northeast and northwest 
joints are nearly as common and in many exposures seem more 
prominent than the other set. There are evidently two sets of 
main joints, each consisting of a pair at right angles to each other^ 
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and the two sets cutting one another at 45°. It is to be noted 
that while the north and east joints of the first pair are at 45® 
to the strike of the foliation planes, the northeast joints of the 
second set are parallel to and the northwest at right angles to 
these planes. Whereas therefore this latter pair of joints might 
have been produced by forces acting in the same direction as 
those which caused the foliation, the first pair could not have been 
so produced. It should also be noted that the first pair are more 
prominent in. the Paleozoic rocks than are the second, while they 
rre about equally developed in the pre-Cambrian rocks. 

Many joints have been noted which can not be brought into 
either of these sets, but they are of much less importance and 
their significance ie not clear. The numerous tension joints of 
the later dikes, which are manifestly due to contraction on cool- 
ing, are not here had in mind. 

Wherever observations on the dip of the n 20° w and n 70° e 
pair of joints have been possible, they have been found to be ver- 
tical or very steeplyinclined. But the northeast joints, tho«e strik- 
ing wifh the foliation planes, have been several times noted with 
dips of from 45° to 60° to both the southeast and the northwest, 
indicating that they are compression joints, and that the pressure 
came from the same direction as the earlier pressure which pro- 
duced the foliation. In general these joint planes do not coincide 
with the foliation planes but are somewhat more steeply inclined. 
Observations on the dip of the northwest joints are practically 
lacking, though they seem to belong with the previous set and to 
have been produced at the same time. The vertical north and 
east joints are perhaps tension joints. 

As the compression joints are lacking in the Paleozoic rocks, 
they must antedate the Potsdam. The prevailing east and west 
trend of the diabase and syenite dikes argues for an existing set 
of fissures with that trend at that time. The Palezoic rocks are 
also jointed, mainly by the north and east set. At least three, 
and probably several periods of joint formation are thus indicated. 

Many of the joints are slickensided, indicating that slight s^pe 
have taken place along them, and not improbably a considerable 
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part of the readjustments of the region have been effected in this 
way, since many slight slips may involve as great an amount of 
shift as that concentrated along a single great fault. 

Pleistocene deposits 

The retreating and disappearing ice sheet of the glacial period 
dropped its burden of transported rock material very unequally; 
much at points which mai'k pauses in the retreat; far less over 
places away from which the retreat was rapid; much also in the 
depressions of the preglacial surface, filling them often to the 
brim. In the district inimefdiately under consideration glacial 
dej)Osit, morainic and of till, is widespread but of very unequal 
thickness and with much bare rock showing. In places are very 
considerable morainic accumulations. The old preglacial valleys 
cut in the high plain level are refilled to that level, while the old 
hill tops and divides are but scantly covered. 

Moraines. Much the most considerable line of morainic de- 
posit is that banked up against the southeast face of Band hill, 
climbing up and overtopping it to the south and swinging to the 
west up the north side of the Saranac valley, deeply covering all 
rock over a great area, and not improbably hiding the preglacial 
Saranac valley as well. The moraine is quite sandy, as is true of 
all moraines hereabouts, in consequence of the large content of 
material derived from the Potsdam sandstone. It is also very 
stony, and again material of Potsdam source is much the most 
conspicuous element. Locally the surface is exceedingly stony, 
Potsdam boulders by the hundred lying about together with 
crystalline rocks from Rand hill and rare Calciferous and 
Canadian pre-Cambrian blocks. This is undoubtedly the moraine 
mentioned by Baldwin in his paper on the Pleistocene of the 
Champlain valley.^ This moraine, which covers all the south 
face of Rand hill and the low hills westward, as well as the south 
slopes of Dannemora mountain, so that all rock is hid and the 
pre-Cambrian-Potsdam contact efficiently concealed, would seem 
an unmistakable terminal moraine. 

'American geologist 1804. 13:884. 
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The east and west road in Beekmantown just at the soatb 
limits of the map passes over a series of ridges at progressively 
higher and higher levels, which somewhat resemble beaches ia 
shape but do not seem to be such, as they consist in large part 
of rather coarse and not well water-worn material. It is prob- 
ably to these that Prof. G. F. Wright alludes in a short paper^ 
and these that he calls lateral moraines.^ The writer has not 
given them suflficiently critical study to speak positively of their 
nature, but is disposed to agree that they are due to lateral 
streams along the edge of an ice tongue which lingered in the 
Champlain valley after the ice had disappeared from the hills. 
Deposits of apparently similar origin run north along much of 
Rand hill between the 600 and 800 foot levels. A single knob at 
the 700 foot level appears like an elongated drumlin, as suggested 
by Prof. Wright. Its surface is profusely covered with boulders 
and it is apparently of till, no exposures occurring. A little over 
a mile north of this drumloid hill is another knob of till or 
moraine at precisely the same level, and a mile and a half farther 
north, in Altona, is yet another of still more elongated shape. 
A satisfactory explanation of these three outlying knobs with 
identical summit levels has not presented itself. 

In the northern half of Mooers the drift is very heavy and i» 
morainic, though no bulky and conspicuous terminal moraine ap- 
pears, and in general the moraine covering over the till is not 
thick, so far as can be judged by the few stream sections. The 
irregular, hummocky topography and numerous marshes are 
characteristically morainic. Yet occasional rock outcrops show 
in this belt, and the streams not infrequently show ledges in their 
beds. There is no indication that the ice made more than a very- 
brief pause along this line. 

Another similar east and west belt, with a breadth of some 
2 miles, crosses southern Altona. Heavy boulder trains, mainly 
of Potsdam sandstone, are frequent on the surface. Like the 
previous belt, this does not mark a protracted pause in the gen- 
eral ice retreat. 

^American geologist. 1808. 22:333-34. 
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Glacial striae. Over a large part of the area of the sheet the 
striations on the rocks show that the ice which produced them 
was moving in a southerly direction. This is not the usual di- 
rection in the Adirondack region, and these markings were evi- 
dently produced by ice whose direction of movement was con- 
trolled by the meridional depression of the Champlain valley. 
On Rand hill the direction was midw^ay between this and the 
usual southwesterly direction which prevails throughout the 
northern Adirondacks, the readings varying between e 5° w and 
6 30° w. 

Water levels. Signs of the action of standing water are numer- 
ous in the region, but the waiter has been unable to give them 
the attention they deserve and can speak of them only in pre- 
liminary fashion. Fragmentary beaches and terraces are found 
at the 360 and 440 foot levels, less well marked at 280 feet and 
somewhat doubtfullv at 540 feet. The two best defined levels 
are marked by fragmentary beach ridges, behind which are often 
long narrow marshy strips, and by sand delta levels in the Little 
Chazv river. North of West Chazv what resemble cliffs and 
wave-cut terraces appear at these levels, but some hesitation is 
felt, in ascribing this origin to them, since they are found at other 
levels also, and the rocks are so resistant that the length of time 
required for the work would seem out of all proportion to the 
length of time during which the w^ater stood at these levels, as 
indicated by the strength of the beaches and delta terraces. 
Wave action was probably effective in sweeping away all fine 
material from the benches, but that they were cut by the waves 
is not thought probable. The cliffs may be fault scarps. 

Baldwin reports marine shells from Plattsburg township at 
346 feet, aod there can be no question that the water level at 440 
feet represents marine submergence to that depth. But signs of 
wave action between 500 and 540 feet were noted in several places, 
and it should be added that one of the great sand terrace levels 
in the Saranac valley has the same altitude. On the turnpike at 
West Beekmantown and southward is much sand at 520 to 540 
feet with strong resemblance to a beach. There is a sand ter- 
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race level along the river west of West Chazy at the same eleva- 
tion. In eastern Altona at the same level rather gravelly ridges 
are found at two or three points which resemble beaches. On 
the road west from Sciota to Altona village, similar ridges appear 
at 480, 540 and 580 feet, built «p on the sandstone ledges of the 
Flat rocks, all beach-shaped but with much coarse and not well 
rounded material. At 500 feet is an interesting little gravel bar, 
like a spit, now cut through by a small stream. These Altona 
ridges have considerable resemblance to those in Beekmantown 
already described and may perhaps also be referable to lateral 
stream action along a Champlain valley ice tongue, but their per- 
sistence at about the same level, and the correspondence of this 
with the delta level in the Saranac valley, seem to indicate 
strongly static water action. It need not necessarily mark a 
marine level, as there are fresh-water levels above the marine 
ahore lines in the region, but, on the other hand, the hight reached 
by the marine levels on Mt Royal at Montreal would seem to 
imply a marine level along Lake Champlain at least as high as 
this. 

These shore lines in the Champlain valley rise in level when fol- 
lowed northward, showing that they have been tipped since they 
were formed, but, till they shall have been more carefully fol- 
lowed and identified along the full length of the valley, uncer- 
tainty must prevail in respect to the amount of canting. 

The Flat rocks 

The Flat rock district in Altona is a most impressive region 
The naked ledges of horizontal sandstone, rising slowly in a serieg 
of gigantic stops with wide tread and low rise, are extremelj 
striking. That the ice could have melted away from the region 
so rapidly as to leave no deposit here is not to be thought ot 
Deposit evidently was left and has since been removed. Som€ 
four years ago G. K Gilbert, who had recently returned from a 
short visit to the region, suggested in conversation that here was 
the route of a spillway. As the ice retreat(»d away from the 
northern foothills of the Adirondack region, the waters of the 
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glacial lake Iroquois, which occupied the Ontario basin and had 
its outlet at Rome into the Mohawk valley, because the St Law- 
rence outlet was still blocked by the ice, would have commenced 
to discharge around on the north along the edge of the ice as soon 
as it had sufficiently retreated to uncover lower ground than that 
at Rome. By a spillway »uch an outlet is meant. As the ice 
farther retreated down the slope, the stream would fall to sutccs- 
sively lower levels, bringing down the level of Lake Irotiuois cor- 
respondingly. Such a current as this would have been would fur- 
nish an adequate explanation of the naked rock surface of the 
Plat rocks. The writer's observations have not been sufficiently 
extensive along the north side of the Adirondacks to enable him 
either to affirm or to deny the correctness of this view, and, as the 
results of Mr Gilbert's observations have not been published, it 
ifi not known on what data the identification of this spillway 
rests. But such results would naturally have followed the change 
in outflow of Lake Iroquois from the Mohawk to the St Lawrence 
valley, and spillway© would likely have existed at several levels 
as the waters fell. Various lake levels should also have existed 
for at least a brief time along the northern Adirondack slopes^ 
and may well have left discoverable traces, which should have 
definite connection with such spillways as may exist. The region 
is a difficult one, but a great opportunity awaits the individual 
who can take the time to cover the region thoroughly, unham- 
pered by other and more pressing work. The new maps will be 
a great aid when completed. 

The larger part of the bared surface in the Flat rock district 
lies between GOO and 800 feet elevation. Over large areas the 
surface is absolutely naked except for an occasional large boul- 
der. This altitude is so much below the level of the Iroquois 
beach, if extended to this point, that, if it be the path of a spill- 
way, it should be from a water level considerably lower thau the 
main Iroquois i)lane, and it would seem as if marks of standing 
water at this lower level should be found when search is made. 

Just below the eastern edge of the bared rock area in eastern 
Altona is an exceedingly interesting ridge of coarse cobbles which 



